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SEMICONDUCTOR DEVICE WITH FERROELECTRIC CAPACITOR DIELECTRIC AND METHOD FC3R MAKING 

Background of the Invention 

5 This invention relates, in general, to electronic components, and 

more particularly, to dielectric materials used in the manufacture of 
electronic components. 

Dielectric materials such as silicon dioxide and silicon nitride are 
used in a variety of applications including use as the insulating material 

10 between two conductive plates in a capacitor structure. The effective 
capacitance value of a given capacitor is determined in part by the 
dielectric constant of the dielectric material and the area of the dielectric 
material between the two plates. In order to decrease the relative size of 
the capacitor and yet form a capacitor having the same capacitance 

15 value, there has to be a proportional increase in the dielectric constant 
of the material used in the capacitor. 

Currently, conventional dielectric materials suffer from one of 
four problems: they are incompatible with the materials used to form 
electronic components; they do not have a high enough dielectric 

20 constant; they have a Curie temperature within the operational range of 
the electronic component; or they have high leakage current densities. 

Accordingly, it would be advantageous to provide a dielectric 
material that can be used in the manufacture of electronic components 
that has a higher dielectric constant value and lower leakage current 

25 densities. It would also be advantageous if the dielectric material had a 
Curie temperature that was below the operational temperatiure of 
electronic component so the dielectric material does not change from a 
paraeiectric state to a ferroelectric state duriixg normal operation of the 
electronic component. 

30 

Brief Description of the Ehrawings 



FIG. 1 illustrates enlarged cross-sectional views of electronic 
components formed in accordance with the present invention; 
35 FIG. 2 is cross-sectional view of a sputtering deposition system; 

and 
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FIGs. 3-6 illustrate enlarged cross-sectional views of 
semiconductor devices formed in accordance with the present 
invention. 

5 It will be appreciated that for simplicity and clarity of illustration, 

elements illustrated in the figures have not necessarily been drawn to 
scale. For example, the dimensions of some of the elements are 
exaggerated relative to other elements for clarity. Further, where 
considered appropriate, reference numerals have been repeated among 
10 the figures to indicate corresponding or analogous elements. 

Detailed Description of the Drawings 

In general, the present invention provides a novel dielectric 
15 material that can be used in the manufacture of electronic components 
in a variety of applications. More particularly, the present invention 
provides examples of how this dielectric material can be used in 
capacitor structures as the charge storage device for dynamic random 
access memories (DRAMs) or embedded DRAM structures in either 
20 capacitor-over-bit line (COB) or capacitor-under-bit line (CUB) 
structures. 

HdwevSr, one skilled in the art will appreciate that the present 
invention can be used to manufactttre integrated circuits such as 
microprocessors, microcontrollers, sensors, embedded DRAMs, static 

25 random access memories (SRAMs), an electricaUy erasable and 
programmable read only memory (EEFROM), a flash electrically 
progranunable read only memory (flash EPROM), or a flash electrically 
erasable and programmable read only memory (flash EEPROM). In 
addition, the dielectric material of the present invention can also be 

30 used to form discrete components such as stand-alone capacitors. ^ 
Due to the insulating properties of the dielectric material, the 
present invention can be used to replace conventional dielectric 
materials. In the examples discussed below, the dielectric material of 
the present invention can be used to replace silicon dioxide or silicon 

35 nitride as the insulating material in a gate structure, a capacitor 
structure, or a non-volatile memory device. 
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The dielectric material of the preferred embodiment comprises 
barium, titanium, tin, and an oxide. More particularly, the dielectric 
material can be represented by the formula: 

5 Ba(Ti(i.x) Snx)03. 

Where X can range from a value greater than zero to about 1. This 
formula is intended to represent the solid solution form of the dielectric 
material of the present invention. It should be noted that the solid 

10 solution formula differs from a dielectric material that is lightly doped 
with either barium, titanium, or tin, because each of the elements in the 
formula (Ba, Ti, Sn, and O) is intended to be a major constituent of the 
compoimd. As one skilled in the art will appreciate, this is more than 
just impurity concentration levels. 

15 One imexpected property of the dielectric material of the present 

invention is that the addition of Sn to a compound provides a material 
that is classified as a dielectric material. This is in contrast to what 
might be more commonly expected; a conductive material such as is 
used in the formation of interconnect structures or leadframes. Instead, 

20 the addition of tin to the compound of the present invention provides a 
material that has a dielectric constant greater than 1 and a resistivity 
greater thm 1 x 10^ ohm-<:entimeters* Historically, a dielectric constant 
greataf than 1 has hem the value used by those skilled in the art to 
classify a material as a dielectric material rather than a conductive or 

25 merely iiBsistive material. Functionally, the material of the present 
invention is well suited for applications where the material is used to 
provide electrical isolation between conductive structures, and yet, 
provide capacitive coupling between the conductive structures. For 
example, if the dielectric material is placed between two conductive 

30 regions or plates, the dielectric material will retard the flow of current 
between the plates and allow the conductive plates to be capacitively 
coupled together. 

Another unexpected property of the dielectric material is that the 
relative value of the concentration of tin in the compound can be 

35 varied to adjust the Curie temperature of the compound. In particular, 
the value of X in the formula shown above can be varied to provide a 
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compound having a different Curie temperature. The Curie 
temperature of a material is the temperature at which the material 
changes from being paraelectric to ferroelectric or vice versa. A 
paraelectric material is said to have a single polarization value at the 
5 voltage potential applied. A ferroelectric material, however, exhibits a 
hysteresis in polarization which depends on the previous and present 
voltage potential applied to the material. 

In most applications, it is desirable to form a dielectric material 
that remains paraelectric in nature. This allows an electronic 

10 component to be formed that has a predictable and consistent 

polarization. To maintain the paraelectric property of the dielectric 
material, the Curie temperature of the material must be below the 
normal operating temperatures of the electronic component so that the 
dielectric material does not pass through its Curie point. For example, if 

15 an electronic component is normally operated at about 0** Celsius (C) to 
lOC^C, then ideally, the Curie temperature of the material should be - 
25**C or lower. 

In addition to changing its electrical characteristics as described 
above, a dielectric material also undergoes significant physical stress as 

20 it passes through its Curie temperature. Therefore, it is desirable to 

form the dielectric material so that its Curie temperature is outside of its 
normal operating temperature range. This prevents the dielectric 
material, and the electronic component containing the dielectric 
material, from being damaged during operation because the dielectric 

25 material does not transform from the paraelectric state to the 
ferroelectric state. 

One skilled in the art, however, will appreciate that ttiere are 
some applications where it is desirable to form an electronic component 
having a dielectric material that is ferroelectric in nature. For example, 

30 it may be desirable to form a non-volatile memory cell using a 

ferroelectric dielectric material and use the two polarization states to 
represent the programmed and erased states of the non-volatile 
memory cell. 

FIG. 1 illustrates enlarged cross-sectional views of examples of 
3 5 applications in which the dielectric material of the present invention 
can be used. For example, the dielectric material can be used to form a 
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capacitor structure as shovsm in electronic components 40 and 50. 
Electronic component 40 is a capacitor that is formed on a substrate 41. 
Substrate 41 is preferably a semiconductor substrate, however, other 
substrate materials used by those skilled in the art can also be used. 
5 Electronic component 40 has a layer of dielectric material A3, hereinafter 
referred to as dielectric layer 43, sandwiched between conductive plates 
42 and 44. 

In this embodiment, dielectric layer 43 is preferably paraelectric so 
that electronic component 40 has a predictable and constant polarization 

10 value. Accordingly, the relative amount of tin in the Ba(Ti(i.x) Snx)03 
compound should be adjusted so that the Curie temperature of 
dielectric layer 43 is less than the normal operating temperature of 
electronic component 40. For example/ a value of x ranging from about 
0:15 to 03 provides a dielectric material that has a Curie temperature 

IS ranging from about -25*'C to -lOO'^C. Tlierefore, as long as electronic 
cotnponeitt 40 rematos above -^S'^C, dielectric layer 43 remains 
paraeiectrk. 

Table 1 below provides other ranges for the value of X in the 
compound Ba{Ti(i.x) Snx)03 producing a dielectric material having 
2 0 various Curie temperatures. Table 1 also lists the property of the 
material at O^C and>25°C, respectively. The value of '>0' is used to 
indicate a concentration greater than zero and can have a value of 0.001, 
-0.0001, 0.00001, or less depeixdmg on the measurement c^^p^ility. The 
«alu^ df is used to indicate a CQncentration lejss th^n % md can have 
25 a value of 0.99, 0.999, 0.9999, or grater Jependaig on the itteasurement 
G2i|>abai^. 





Value of X 


Curie Temperature 


©"C Property 


-25°C Property 


30 


>0 to 0.1 


120'»Cto40''C 


ferroelectric 


ferroelectric 




0.1 to 0.3 


40°C to -IZS^C 


either 


either 




0.15 to 0.3 


0°C to -125°C 


either 


either 




0.18 to 0.3 


-25''Cto-125°C 


paraelectric 


either 




0.01 to 0.1 


lire to 40°C 


ferroelectric 


ferroelectric 


35 


0.01 to 0.3 


IWCto-lZS-C 


either 


either 




>0 to <1 


less thar\ 120°C 


either 


either 
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As shown in the examples provided in Table 1, it is possible to 
form a dielectric material that is paraelectric at a temperature of about 
0°C or is ferroelectric at a temperature of about C'C. It is also possible to 
5 form a dielectric material that has a Curie temperature less than 0**C or 
that has a Curie temperature less tiian -25°C. It is also possible to form a 
compound where x ranges from about 0.2 to 0.4, about 03 to 05, about 
0.4 to 0.6, about 0.5 to 0.7, about 0,6 to 0.8, about 0.7 to 0.9, about 0.8 to 1, 
and 0.9 to 1. 

10 In the preferred embodiment, dielectric material 43 comprises 

the compoimd Ba(Ti(i-x) Snx)03, which results in a dielectric material 
having a bulk dielectric constant ranging from about 28,000 to 35,000. 
This is certainly greater than about 1 and is greater than about 10, which 
is larger than the dielectric constants of silicon dioxide arid sliicon 

15 nitride. The dielectric constant of the material of the present invention 
is also greater tiian about 300, which exceeds ttie thin film dielectric 
constant of barium-strontium-titanium-oxide. This correspon<fe to a 
bulk dielectric constant for baritm-^trontixim-tilanium-oxide of about 
15,000 to 20,000. 

20 . As shown in Table 1, a compoimd has been provided that 

includes tin, yet provides a dielectric material. It may also be possible to 
form other compounds that include tin, or tin and titanium^ that 
provides a material having dielecMc diaracteristics. M addition^ the 
compound of the preferred embodiment includes Gxygen> but if should 

25 be understood tfiat other oxides catn also be used. 

As shown in HG. 1, electronic component 40 indudefs condtictive 
plates 42 and 44 that are ki direct contact with dielectric material 43. It 
should be understood that it is not necessary for dielectric material 43 to 
be in direct contact with conductive plates 42 and 44 as other dielectric 

30 materials such as silicon nitride, silicon dioxide, or silicon oxy-nitride 
can be formed therebetween. Additionally, the lower conductive plate 
of the capacitor structure can be replaced with a doped region 52 formed 
in substrate 41 as illustrated in electronic component 50. Therefore, ftie 
dielectric material of the present invention can be placed between two 

3 5 conductive regions to provide a capacitor structure. 
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The dielectric material of the present invention can also be used 
to form an electronic component 60 such as a non-volatile memory cell. 
For example, dielectric layers 61 and 63 comprising Ba(Ti(i-x) Snx)03 can 
be used to electrically isolate a floating gate 62 from an underlying 
5 channel region 67 in substrate 41 and to electrically isolate floating gate 
62 from a control gate 64. Chaimel region 67 refers to the portion of 
substrate 41 between a source region 65 and a drain region 66. It should 
be understood that dielectric layers 61 and 63 need not solely be formed 
using the dielectric material of the present invention and that it is not 

10 necessary that both layers comprise Ba(Ti(i.x) Snx)03. It is also possible to 
include other dielectric materials such as silicon dioxide, silicon nitride, 
or the like in each of dielectric layers 61 and 63. Preferably, the dielectric 
j! material of the present invention is fenroelectric when lased in a non- 

volatile memory. Thus, x cm have a value ranging from about 0.01 to 

15 0.1 or from about 0.05 to 0.1. 

Also shovvn in FIG. 1 is an electronic component 70 that 
illt^trates how ttie dielectric material of the pres©tt invention can be 
used as a gate dielectric material. Electronic component 70 has a layer 
of dielectric material 71 between a gate structure 72 and substrate 41 that 

20 is used to electrically isolate gate sttucture 72 from a channel region 75. 
In the operation of electronic component 70, a voltage potential is 
placed on gate structure 72 to modulate channel region 75 between a 
source region 73 and a drain region 74. 

Methods xsf forming an electronic coinponaiit liavmg a dielectric 

2 5 material compristeg tin ki aceoitiance with tihe present invention are 
now provided. One Method of forming dielectric materials 43, 61, 63, or 
71 is t6 use a metal org^c, decomposition process or a solution^gelation 
(^oj-gd) process. For e^^mple, :a solution is prepared containing 
precuisors of the desired el^ents in the proper ratios. The solution is 

30 then dispensed or spun over the surface of a substrate to form a layer of 
the solution across the substrate. The solution is then heated or 
annealed to drive off the organic materials in the solution, thereby 
forming a layer of dielectric material having the desired composition. 
A source of tin can be added to the solution using a precursor 

35 such as tin beta-n-butoxide, tin chloride, tin acetate, tin nitrate, tin 
lactate, tin ammonium acetate, tin tetra-isopropoxide, or tin 
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isopropoxide. A source of titanium can be added to the solution using a 
precursor such as titanium tetra-n-butoxide, titanium di-'tertiary- 
butoxyl-tetramethyl hep^nodionate, titanium tetra-tertiary butoxide, 
titanium ditetramethyl-heptano-dionate disopropoxide, titanium 
5 tetraethoxide, titanium lactate, titanium ammonium acetate, titanium 
tetra-isopropoxide, or titanium isopropoxide. A source of badian can be 
added to the solution using a precursor such as befe-<MJketoiu*s^ 
complexes of barium tetrameft^ylheptanodiOBate, barixan 
hexaflotu^oacetylacetonate, bai^iyHn(2/2,6/6^efe2uxieti^ 

10 heptanedione)2, barium hexaflouroacetyiacetGne^ or baiSum 
tetrafluoroacetylacetone. 

It is also possible to form a layer of dielectric material in 
accordance with the present invention using an ion sputtering or 
reactive ion sputtering (RIS) process such as is illustrated in FIG* 2. FIG. 

15 2 illustrates a cross-sectional portion of a radio frequency (RF) 

sputtering system 10, It should also be imderstood thut the present 
invaition <^ also be t^d in a Direct Current (DC) sputtering system 
and one skilled in the art wilt understand the appropriate modifications 
that are required. System 10 includes a sputtering chamber 11 in which 

20 the RF sputtering occurs. A sputtering target 12 is utilized as a source of 
^material for forming a fihn 16 such as a dielectric layer on a surface of a 
semiconductor substrate 13, which is placed on an heating element 14. 
Material is trarisferred from sputtering target 12 to film 16 by RF J 
' Sputtering. An RF voltage source 15 is Coupljed to target 12 and to 

25 substrate 13 to facilitate the RF sputtaing openttion. J . 

Sputtering target 12 comprises the desired amounts of barium, 
titaniuin;, and tin and can be formed by apxiQg l^arium oxide,; tij^imi 
oxide, and tin oxide in the correct proportions to form a cerajnic |< 
sputtering target. Subsequent to mixing, pressure and temperature are 

30 utilized to transform the mixture into sputtering target 12, For 

example, the mixture can be cold pressed at a pressure of about three 
hundred atmospheres (atm), and then sintered.at a temperature of 
approximately 1200" C at atmospheric pressure. These pressures and 
temperatures can vary depending on furnace and target sizes and also 

35 on target composition. 
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Thereafter, target 12 is placed in sputtering chamber 11 along with 
substrate 13. Target 12 and substrate 13 are connected to RF voltage 
source 15 in order to provide an electric field and facilitate sputtering 
material from target 12 onto the surface of substrate 13. Typically, 
5 voltage source 15 applies approximately five hundred volts to target 12 
and substrate 13. A plasma is formed using an argon-oxygen or oxygen 
ambient within chamber 11 in order to complete the RF sputtering. RF 
sputtering operations are well known to those skilled in the art. 

It is also possible to form dielectric layer 16 using a sputtering 

10 target made from barium oxide, tin oxide, and titanium pov^der. The 
sputtering target and substrate 13 are placed into sputtering chamber 11, 
which is filled with an ambient containing oxygen. As portions of the 
sputtering target are transferred to substrate 13 using a DC sputtering 
process, oxygen is incorporated in the desired proportion to form a 

15 dielectric material. It is also possible to armeal or heat the substrate in 
an oxygen-rich ambient after dielectric layer 16 is deposited instead of 
sputtering in an oxygen rich ambient. 

It is also possible to form the dielectric material of the present 
invention using a metallorganic chemical vapor deposition (MOCVD) 

20 process. In such a process, some of the precursors listed earlier are 
transported to a reaction chamber using a carrier gas in the desired 
proportioi\s. The reaction conditions depend in part on the precursors 
selected and will be imderstood by those skilled in the art. 

Turning now to HG- 3, a more detailed description is provided of 

25 how the dielectric material of the present faivention can be used to form 
a semiconductor device 80 such as a dynamic random access memory. 
To begm, a transistor 82 is formed on a substrate 81 using conventional 
techniques. Preferably, transistor 82 is a field effect transistor (FET) that 
has current carrying electrodes 87 and 88 formed in semiconductor 

30 substrate 81, Current carrying electrodes 87-88 can be the source and 
drain regions of transistor 82. Preferably, transistor 82 has a gate 
structure 83 that is used to control a current flow between current 
carrying electrodes 87 and 88. Gate structure 83, for example, can have a 
conductive layer 84 that is capacitively coupled to semiconductor 

35 substrate 81 by a gate oxide layer 85. Gate structure 83 can also have 



BNSDCXJID: <WO_992B972A1^L> 



wo 99/28972 



PCTAJS98/05e34 



-10- 

sidewall spacers 86 that can be optionally formed to electrically isolate 
conductive layer 84 from neighboring structures (not shown). 

An insulating layer 110 is then deposited over transistor 82 and a 
surface 111 of substrate 81. Preferably, a layer of silicon dioxide or 
5 phosphosilicate glass is deposited using either a chemical vapor 
deposition process (CVD) or a plasma enhanced chemical vapor 
deposition (PECVD) process. The thickness of insulating layer 110 can 
vary as necessary and can range for example from about 300 angstroms 
(A) to 5,000 A. A chemical mechanical polish (CMP) process is then 

10 used to planarize the top surface of insulating layer 110. Thereafter, a 
conventional photolithographic masking and etch process is used to 
form openings 112 and 113 that expose portions of current carrying 
electrodes 87 and 88, respectively. 

A conductive material such as tungsten, titaniimi silicide, 

15 titanium nitride, polysilicon, or amorphous silicon is formed in 

openings 112 and 113 to form plugs 93 and 114. Optionally, it may be 
desirable to form a layer of titaniimi silicide 90 and 91 over the exposed 
portions of current carrying electrodes 87 and 88 before forming plugs 93 
and 114. The layers of titanium silicide 90 and 91 can improve the 

20 electrical connection between plugs 93 and 114 and current carrying 
electrodes 87 and 88 and retard the formation of an oxide layer on 
current carrying electrodes 87 and 88. If formed, layers of titanium 
silicide 90 and 91 can have a thickness of about 50 A to 500 A. 

After plugs 93 and 114 are formed, a bit line 94 is formed from a 

25 conductive material such as aluminimi or the like. Bit line 94 is 
formed using conventional deposition and etch techniques. Once 
formed, bit line 94 is connected to current carrying electrode 88 via plug 
93. Thereafter, an insulating layer 89 is formed over bit line 94, plug 
114, and insulating layer 110. Insulating layer 89 is preferably a layer of 

30 silicon dioxide that is about 300 A to 5,000 A thick. Depending on the 
thickness and planarization of insulating layer, a CMP process can be 
used after insulating layer 89 is formed to provide a sufficiently planar 
surface to allow further processing. 

An opening 115 is formed in insulating layer 89 so that at least a 

35 portion of plug 114 is exposed. A plug 92 is formed in opening 115 
using a material that is compatible with plug 114 such as one of the 
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materials listed above. The combmation of plug 92, plug 114, and 
perhaps layer of titanium siUcide 90 provides an electrical connection 
between current cmrying electrode 87 of transistor 82 and a capacitor 
stoicture 99 that is subsequently formed oyer trajisistor 82 as explained 
5 below. 

In general, capacitor structure 99 includes a layer of dielectric 
material 97 that is formed between an upper conductive plate 98 and a 
lower conductive plate 116* In the embodiment shown in FIG. 3, 
conductive plate 116 is made from two layers, namely, a layer of 

10 platinum 96 on a layer of titanium nitride 95., However, it should be 
understood that other^materials may be desirable depending on the 
composition of plug 92 and the necessaiy eled*icai^dh.aracteristics of 
plate 116. It is also possible to form a>ijjiajptlve plate 116 from^a single, 
layer &r a plurality of liyj&^.i For example^ ?coriduc1iVe pl^te416 cka bet 

15 ifiade from a single layer^of platimmi, a singleil^jyer^^f iridium, a layer 
of^latinumroh a Jayar^df, iridium on a layer of, titanium nitride,^a layer ' 
of iridimn o^dde onta layer of iridium, a layer ojUridium oxide a 
layer ofliridium on 'a layer of titanium rufride, a layer of mtheriium 
oxide dn:a layer of Tutheiuum, a layer of ruthenium oxide on a layer of 

20^) iridium oxide, a layer of pktinum doped ^,ith tin, a single; kyer of - 
platinum aIloy,^a layer of palladiimS^on a layeritif titaiu\im7nitride^ or a^^ 
"ii Jayer^of strontium-ruthenium \oxide on a layer of titanium/nitride, ' 
% J CbliWudip pi|te ll^can 6e forn^ by depqsitin^the d^ired q 

25 "fCVE), or similar: process. J photolithographic maskiiig^^ \ 
'process are used to pattern conductive plate 116 aif shown in HG.^ 3. 
* ' Dielectric-layer 97 is then foxmpd oWcond^ plat% 116^ using one of 
^? the. techri^ues described ab^ application, dielectric ; 

^ Material 97 should be paraelectric so that the capacitance value of 

30 capacitor structure 99 is consistent during the operation of 

semiconductor device 80. Accordingly, dielectric laj^er 97 include? 
Ba(Ti(i.x> Sn^)Oz and X is chosen so that dielectric layer 97 remains 
paraelectric over the anticipated operating temperatures of 
semiconductor device 80. 

35 In most applications, X should have a value greater than about * 

0.1 (i.e., a concentration greater than 10 mole percent) so that dielectric 
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layer 97 does not become ferroelectric. More particularly, if 
semicoiiductor device 80 is to be operated between O'^C and 70°C, then X 
can range from about 0.15 to 0.3. Additionally, if semiconductor device 
80 is to be operated between -25°C and 70°C, then X can range from 
5 about 0.18 to 0.3. As mentioned earlier, the presence of bariunri, 

titanium, and tin in the formula Ba(Ti(i.x) Snx)03 is intended to indicate 
the solid solution formula of dielectric material 97. By having barium, 
titanium, and the tin in the proper proportions, a dielectric material is 
provided that has significantly higher dielectric constant than other 

10 materials such as barium strontium titanate (EST). The material of the 
present invention differs from previously known materials in that tin 
and titanium are used in the compound as major constituents as 
opposed to merely impurities. 

The size and thickness of dielectric layer 97 can vary so that 

15 capacitor structure 99 has the desired capacitance value. Preferably, 

dielectric layer 97 has a thickness ranging from about 50 A to 3,000 A so 
that capacitor structure 99 has a capacitance density value ranging from 
about 10 femto-farads/micron^ (fF/|im^) to 60 fF/^m^. After dielectric 
layer 97 is deposited, conductive plate 98 is formed by depositing a 

20 material that is compatible with the interconnect structures (not shown) 
that are used to provide electrical connection to capacitor structure 99 
and transistor 82. For example, conductive plate 98 can be a single layer 
of alvuninxun alloy or a plurality of layers suggested above for the 
formation of conductive plate 116. A conventional photolithographic 

25 masking and etdi process are used to pattern conductive plate 98 and 
dielectric layer 97 as is shown in FIG. 3. 

Turning now to FIG. 4, another method of forming a capacitor 
structure 120 for use with semiconductor devices is provided. FIG. 4 is 
an enlarged cross-sectional view of capacitor structure 120 as it mi^ht be 

30 formed on insulating layer 89 so that it would be connected to the 

source or drain region of a transistor 82 (see FIG. 3) by plug 92. In this 
embodiment, the capacitive coupling between the plates of capacitor 
structure 120 and its dielectric material is increased by increasing the 
surface area of the dielectric material that is covered by the plates. 

35 For example, the lower conductive plate of capacitor structure 120 

(indicated in FIG. 4 with a bracket 127) is provided by forming in 
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sequence a layer of titanium silicide 121, a layer of titanium nitride 122, 
a layer of ruthenium 123, and a layer of ruthenium oxide 124 using 
conventional techniques. In this example, the layer of titanium silidde 
121 is used to improve the electrical conductivity of conductive plate - 
5 127 and the layer of ruthenium oxide 124 acts as a source of oxygen to 
replenish oxygen vacancies that may form in dielectric layer 97. After 
layers 121-124 are deposited, a conventional photolithographic masking 
and etcfh process are used to pattern layers 121-124 so that ccmjjuctive 
plate 127 has sidewalls 128. 

10 Dielectric layer 97 is then formed using one of the methods 

described above so that it is in contact with the sidewalls 128 of 
conductive plate 127, Depending on the thickness of layers 121-124, the 
ovferall thickness of conductive plate 127 can range from about 500 A to 
over 10,000 A. The tfdcMess bf ccffiductive plate 127 contributes 

15 si^uficaAtrf'td the overalbsu^ace area of tondudtive plate 125f, and 
; iiusf cohtftfetft^^^^ to th€f capacitance valiie oi capacitor 

strucAire 120, ^ Conductive plate^l27^ cm have significant topography 
■ ' because sidewalls 128 are ofttiogonal^to insulating layer 89. Therefore, it 
may be necessary io form dielectric layer 97 using the MOCVD prdtess 

2 0 described above. In addition, a CVD or MOCVD process may be, ^ . 
necessary to form conductive plate 98.so ^t l:>pth dielectric la^pr 97'and 
^\ conductive plate 98?have tifte proper thickness the sidewMk, 128 of 

[^^ I ' Keferring;now td FIG^S, an'^altematiYe methojd oj^forming ^^>^ 
25 capacitor s^clure 120 is>jproyided| that reduces the^f^^ 

Idielectoric lajjer 97 and conductive plate 98 along the sidewalls 128 of 
inductive plate H7 (lee FIG. 4). The pKotolithograpW mask md e£dt 
^ process call be modif ied^such that conductive plate 127 has sidewalls 130 
that are tapered. More particularly, the sputtered etch process used to 
30 pattern layers 12W24 can'be directed at an angle other than orthogonal 
to substrate 81 (see FIG;3) so that the sidewalls 130 of conductive plate 
127 are tapered. The angle of sidewalls 130 relative to the surface 111 of 
substrate 81 can be varied as necessary and can range for example from 
about 5** to 35** off irom orthogonal as shown in FIG. 4. In the 
35 embodiments shown in FlGs. 4-5, conductive plate 127 consisted of 4 

layers. It should be understood that conductive plate 127 can be a single 
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layer or a plurality of layers as suggested above for the formation of 
conductive layer 116 (see FIG. 3). 

Referring now to FIG. 6 an alternative method of forming 
capacitor structure 99 of PIG. 3 is provided. Instead of increasing tiie 
5 surface area of dielectric layer 97 by forming conductive plate 127 with 
sidewalls 128 as shown in HG. 4, the siirf ace area of 4ieleGtric layer 97 
can be increased by fonning all or part of capacitor $1*ucttaare 99 in a 
recess 137. For example^ r^ess 137 can be formed in insulating layer 89 
so that it has sidewalls 135 and a bottom surface 136 u$ing a wet etch 

10 process, a reactive ion etch (RIE) process, or a combination of the two. 
Dielectric layer 97 and conductive plates 116 and 98 are then formed in 
recess 137 using the technique described above. Consequently, the 
surface area of conductive plates 116 and 98 is increased proportionally 
by the length of the sidewalls 135 of recess 137. 

15 By now it shotdd be appreciated that the present invention 

provides a compound that can be used to fprrn dielectric inaterials in 
electronic compon«\tS; The present inyentiojEi also provides methods 
of forming the dielectric material, such as by forming a sputtering target, 
and provides applications for its use. A dielectric layer formed in 

20 ^accordance with the present invention has a dielectric constant that is 
higher than previously known dielectric materials, As^a result, an 
electronic component such as a DRAM can be formed inrless agrea, yet 
have liie same capacitance value as if the eie«±:onici,component had. 
been formed u$ing convCTttiion^l material^* TJierefore, the. present 

25 invention aflows electronic components to be foxm^i v^iHg less surface 
area, and thus, at a lower manufacturing cost. . ^ ^ . 

It shotxld also be appreciated that the present invention provides 
a variety of capacitor structures that employ the dielectric material of 
the present invention. These capacitor structures can be connected to 

30 transistors to form DRAM cells. DRAM cells formed .in accordance with 
the present invention can have a smaller cell size th^n^DRAMs formed 
uisinjg BST because ttie dielectaric constant of^the dielectric, material of the 
present invention is higher. Accordingly, a smaller capacitor structure 
can be formed that has the same charge storage capability as a larger 

35 capacitor structure formed with BST. 
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DIS- 
CLAIMS 

1. A semiconductor device comprising: 
a substrate; 

5 a transistor having a first current carrying electrode, wherein the 

first current carrying electrode is in the substrate; 

an insulating layer overlying the transistor; and 
a capacitor structure having a dielectric layer that is coupled to 
the first current carrying electrode of the transistor, wherein the 
10 capacitor structure is overlying the insulating layer, and the dielectric 
layer is paraelectric and comprises Ba(Ti(i_x) Snx)03, 

2. The semiconductor device of claim 1 wherein x is greater than 
about 0.1. 

15 " 

3. The semiconductor device of claim 1 wherein x ranges from 
about 0.15 to 0.3. 

4. The semiconductor device of claim 1 wherein the capacitor 
20 structure further includes a first plate between the dielectric layer and 

the insulating layer, and the semicondiictpr device further comprises a 
plug coupled to the first plate of the capacitor structure and to tiie first 
bmffeht carrying electro 
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5. The semiconductor device of claim 4 wherein the first plate of 
the capacitor structure further includes: 

a layer of titanium siiicide overlying the plug for coupling the 
first plate to the plug; 
5 a layer of titanium nitride overlying the layer of titanium siiicide; 

a layer of ruthenium overlying the layer of titanium siiicide; and 
a layer of ruthenium oxide overlying the layer of ruthenium. 

6. A semiconductor device comprising: 

10 a transistor having a current carrying electrode; and 

a dielectric layer coupled to the current carrying electrode, 
wherein the dielectric layer is paraelectric and comprises tin. 

7. The semiconductor device of claim 6 wherein the dielectric 

15 layer further comprises Ba(Ti(3.x) Snx), x having a value ranging between 
0.1 to 0.3. 

8. The semiconductor device of claim 6 further comprising: 
an insulating layer overlying the transistor; 

20 a first plate overlying the insulating layer; 

a second plate overlying the first plate so that the dielectric layer 
is between the first plate and the second plate; and 

a plug that couples the first plate to the current carrying electrode. 

25 9. A dynamic random access memory comprising: 

a transistor having a current carrying electrode; and 
a dielectric layer coupled to the current carrying electrode, 
wherein the dielectric layer is paraelectric and comprises tin. 

30 10. A semiconductor device having a capacitor, wherein the 

capacitor comprises: 

a first plate of conductive material; 

a second plate of conductive material; and 

a layer of dielectric material between the first plate of conductive 
35 material and the second plate of conductive material, wherein the layer 
of dielectric material comprises Ba(Ti(]-x) Snx)03 in solid solution form. 
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